
NASA TN D-131 

TECHNICAL NOTE 
0-131 

COMPARISON O F  HYDRAZINE - NITROGEN TETROXIDE AND 

HYDRAZINE - CHLORINE TRIFLUORIDE IN SMALL-  

S C A L E  ROCKET CHAMBERS 

B y  R. James Rol lbuhler  and W i l l i a m  A. T o m a z i c  

Lewis  Research C e n t e r  
Cleve land ,  Ohio 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

WASHINGTON October 19 59 

(BASA-IN-D-13 1) C C B P A E I S C I  C F  d89-706 15 h IDRBZINE-LITI iCEEP lE16CXIII AbBC 
k, Y D G A Z I H E - C H L C E I  bk IRIELUCEILE l h  
5BALL-SCALE BCChEZ C R A F E B B S  (lA2A) 18 p Unclas 

0 0 / 2 8  0197150 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

0 + 
d 

w 

H 

u A 

TECRN1CA.L NOTE D - 1 3 1  

COMPARISON OF HYDRAZ7NE - NITROGEN TETROXIDE AND HYDRAZINE - 

CmORm TRLFLUORIDE I N  SMALL-SCALF: ROCI(ET CHAMBERS 

By R. James Rollbuhler and W i l l i a m  A. Tomazic 

The performance p o t e n t i a l s  of hydrazine - ni t rogen  t e t rox ide  and 
hydrazine - chlor ine t r i f l u o r i d e  were compared i n  nominal 300-pound- 
t h r u s t  uncooled rocket  engines. Tr ip le t ,  shower-head, l ike-on-l ike,  and 
swirl-cup i n j e c t o r s  were used. Data are presented f o r  c h a r a c t e r i s t i c  
exhaust v e l o c i t y  as a funct ion of weight percent  f u e l  flow. 

S imi la r  i n j e c t o r s  gave g r e a t e r  c h a r a c t e r i s t i c  exhaust v e l o c i t i e s  
with hydrazine - ni t rogen  t e t rox ide  than with hydrazine - chlor ine  tri- 
f luo r ide .  With e i t h e r  propel lan t  combination t h e  t r i p l e t  i n j e c t o r  gave 
t h e  b e s t  performance. The maximum performance of t he  hydrazine - ni t rogen  
t e t r o x i d e  combination with t h e  60°-impingement-angle t r i p l e t  w a s  5790 
f e e t  per  second a t  50 percent  f u e l  by weight. With hydrazine - chlor ine  
t r i f  l uo r ide  the  3Oo-impingement-arigZe t r i p l e t  gave a maximum perf  ormmce 
of 5450 f e e t  per  second a t  34 weight percent fue l .  The s w i r l  cup gave 
9 7  percent  of t h e  t h e o r e t i c a l  c h a r a c t e r i s t i c  exhaust v e l o c i t y  with 
hydrazine - ni t rogen  te t roxide .  The shower-head and l ike-on- l ike  in j ec -  
t o r s  gave s u b s t a n t i a l l y  lower performance with both combinations. 

I n  none of t'ne iwns vas the re  any corrosion or erosion of the  in j ec -  
t o r s ,  e i t h e r  from the  propel lan ts  or combustion hea t  f lux.  There were no 
problems with hydrazine decomposition or i n  rocket  s t a r t i n g .  

INTRODUCTION 

A need e x i s t s  for a propel lan t  combination f o r  upper-stage propul- 
s ion  and con t ro l  i n  space vehicles  t h a t  can be s tored  without loss under 
varying condi t ions for considerable time. It i s  conceivable t h a t  high- 
energy cryogenic propel lan ts  can be s tored  i n  open space where convection 
i s  no t  a f a c t o r  and where r ad ia t ion  from higher  temperature bodies i s  
s m a l l  enough t o  be e f f e c t i v e l y  re f lec ted .  However, i n  t h e  imnediate 
v i c i n i t y  of p lane ts ,  both convective and r a d i a t i v e  hea t  t r a n s f e r  may be 
such as t o  cause considerable l o s s  of cryogenic propel lants .  Under these  
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conditions,  a propel lan t  combination w i t h  low vapor pressures  a t  t e r r e s -  
t r i a l  temperatures would have considerable  advantages even though i t s  
spec i f i c  impulse was lower than tinat f o r  t he  cryogenics.  
a propel lant  combination should have high s p e c i f i c  impulse, high dens i ty ,  
and hizh coolin;: capac i ty  and should be hypergolic.  

Idea l ly ,  such 

Two combinations which each o f f e r  a good conbination of t hese  char- 
a c t e r i s t i c s  are hydrazine with n i t rogen  t e t r o x i d e  and hydrazine with 

c a l  performance. 
chlor ine t r i f l u o r i d e .  Both o f f e r  good, thoujh not  outstanding, t h e o r e t i -  M 

RPI; ni t rogen t e t r o x i d e  i s  1 percent  l e s s .  1 Both a r e  hypergolic.  Both 0 
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( (Xlor ine  t r i f l u o r i d e  i s  equiva len t  t o  1iqui.d oxygen - 

are dense; the  bulk s p e c i f i c  g r a v i t y  f o r  hydrazine - chlor ine  t r i f l u o r i d e  
i s  1.55; f o r  hydrazine - ni t rogen  t e t r o x i d e  it i s  1 . 2 7  a t  peak perform- 
ance compositions. Both o f f e r  good cool ins  capaci ty ,  with hydrazlne - 
ni t rogen  t e t rox ide  having t h e  edge because of h i&er  f u e l  flow. Other 
proper t ies  of th'ese p rope l l an t s  can be found i n  t:Lble I. 

I n  the pas t  10 years small-scale  s tud ie s  w i t ? .  hydrazine - chlor ine  
k r i f luo r ide  have been done a t  NACA, North Americm Aviation, IEC., M. W. 
Kellog,: Co., and J e t  Propulsion Laboratory. Tnese were done i n  order  50 
deteimine performance with var ious i n j e c t o r  designs and t o  i n v e s i i ~ a t e  
opera t iona l  problems. During the  pas t  5 years JPL has a l s o  done bas i c  
hea t - t r ans fe r  s t u d i e s  with t h e  t h r e e  p rope l l an t s  d i scussed  here in .  
perimental  rockkt s t u d i e s  of the same na ture  wi ' ih  hydrazine and n i t rogen  
t e t rox ide  have been and a r e  being done ~t JTL. 

Ex- 

The work repor ted  he re in  compares t h e  performance of two competit ive 
combinations with i d e n t i c d  i n j e c t o r s .  This r e p o r t  a l s o  inve;ti;ates t he  
i n j e c t o r  p r inc ip l e s  and techniques necessary t o  achieve high charac te r -  
i s t i c  exhaust v e l o c i t y  e f f i c i e n c y  with these  cozbir nt lons.  Both  con;l,iiia- 
t i o n s  a re  r eac t ive  i n  the l i q u i d  phase; t he re fo re ,  energy may be avd i l ah le  
f o r  improving vaporizat ion and atomization during the  i n j e c t i o n  process,  
which should improve o v e r - a l l  engine e f f ic iency .  This  energy rnay best 
be u t i l i z e d  b y  using i n j e c t o r s  which promote r a p i d  and thorough l i q u i d  
phase mixing, such as t r i p l e t  and swirl-cup types ( re f .  1). 

Tests  were m a d e  i n  uncooled combustion chambers a t  a nominal t h r u s t  
of 300 pounds and a chamber pressure of 300 pounds pe r  square inch abso- 
l u t e .  The i n j e c t o r s  used included shower-head, t r i p l e t ,  l ike-on-l ike,  
and swirl-cup types. In  a l l  t e s t s ,  t he  hydrazine w a s  preheated t o  ZOOo F 
t o  simulate t h e  output from t h e  cooling passazes  of a regenera t ive  engine. 
Experimental c h a r a c t e r i s t i c  exhaust v e l o c i t y  i s  shown as a func t ion  of 
percent  fue l  concentrat ion f o r  each combination. 
b ina t ions  a re  compared with each o ther  and t h e  Theore t i ca l  values.  

The data f o r  bo th  com- 

a 
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Liquid hydrazine w a s  obtained from an i n d u s t r i a l  supp l i e r  i n  g lass ,  
aluminum, and s t a i n l e s s - s t e e l  containers.  NASA l abora to ry  ana lys i s  
showed t h a t  t h e  hydrazine w a s  98 .4  percent pure, t h e  remainder being 
water and a t r a c e  of ammonia. The ni t rogen t e t r o x i d e  arrived from the  
supp l i e r  i n  1'25-pound-capacity s t e e l  cylinders.  The spec i f i ca t ions  ind i -  
cated it t o  be a t  l e a s t  991 percent  pure n i t rogen  t e t r o x i d e  p lus  l / Z  per -  
cent  water and n i t r o s y l  chlor ide (NOC1) .  The ch lor ine  t r i f l u o r i d e  was 
purchased from t h e  supp l i e r  i n  5-pound-capacity gas cyl inders .  The p u r i t y  
of t h e  contents  i s  99 percent  o r  grea te r  with t h e  remaining gases being 
f r e e  ch lor ine  o r  f l u o r i n e  or both. 

2 

Propel lant  Sys tern 

A flow diagram of the  system used i n  making t h i s  i nves t iga t ion  i s  
shown i n  f i g u r e  1. 
nor:el t ank  f r m  which e i t h e r  t h e  nitr3g:en t e t r o x i d e  or chlor ine  t r i f l u o -  
r i d e  flowed t o  the  i n j e c t o r  through a s t a i n l e s s - s t e e l  l i n e ,  a flowmeter, 
and a f i r e  valve. Tlle e n t i r e  system vias i n  a constaqt-temperature ba th  
of cold w a t e r .  A s t a i n l e s s - s t e e l  f l o w  l i n e ,  a flo-aneter, a d  a f i r e  valve 
w e r e  between t h e  1/4-cubic-foot s t a i n l e s s - s t e e l  f u e l  tank and t h e  in j ec -  

water bath.  

The oxidant system cons is ted  of a 1/3-cubic-foot 

+ ucr. T7e f l re l  twik coc tah i r lg  t h e  hydrazine w a s  submerged i n  a heated 

Instrument at i on 

The oxidant and f u e l  flowmeters were turbine- type meters,  and t h e  
s i g n a l  from each w a s  recordec? 21: a cycle t o t a l i z e r ,  a recording s e l f -  
balancing potentiometer s t r i p  char t ,  and an osci l lograph.  The tempera- 
t u r e s  of both t h e  oxidant and f u e l  at  t h e  flowmeters were measured with 
thermocouples and were recorded on self-balancing potentiometer s t r i p  
char t s .  The f u e l  i n l e t  temperature t o  t h e  i n j e c t o r  and the  chamber out-  
s i d e  w a l l  temperature were measured and recorded i n  t h e  same manner. The 
engine chamber pressure  w a s  measured by a s t ra in-gage  pressure  t ransducer  
recording on the  osci l lograph and by a Bourdon-tube recording on a s t r i p  
cha r t  recorder.  The accuracy of the ca l cu la t ed  performance d a t a  based on 
reading e r r o r  and instrument and ind ica tor  inaccuracy w a s  about ~ 2 . 5  
percent .  

In jec tors  

The i n j e c t o r s  Used ir, th i s  proEram a r e  shown i n  f i g u r e  2. The two 
t r i p l e t s ,  t h e  l ike-on-l ike,  and the shower-head i n j e c t o r  consis ted uf 
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nine independent, e lenents .  Each element consis ted of an axial oxidant 
j e t  of 0.043-inch diameter toge ther  with two or more f u e l  j e t s .  
d iane ter  of t he  f u e l  je ts  w a s  0.025 inch f o r  t h e  t r i p l e t s  when used for 
t h e  hydrazine - chlor ine t r i f l u o r i d e  tests and about 0.03 inch when used 
f o r  t he  hydrazine - ni t rogen  t e t r o x i d e  t e s t s .  The shower-head and l i k e -  
on-l ike f u e l  j e t s  were 0.021 inch i n  diameter'. The two t r i p l e t  i n j e c -  
t o r s  d i f f e red  only i n  t h a t  t he  f u e l  j e t s  f o r  one impinged on the  oxidant 
j e t  at  an included angle of 30°, and f o r  the  o ther  i n j e c t o r  t h e  angle w a s  

The 

60'. 

t he  f u e l  l ike-on-l ike.  For t hese  fou r  i n j e c t o r s  a d i s t r i b u t i o n  p l a t e  0 

The impingement d i s t ance  perpendicular  t o  the  face  w a s  0.578 inch 
f o r  the  30° t r i p l e t ,  0.265 inch f o r  t h e  60' t r i p l e t ,  and 0.203 inch for 

M 
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d i r e c t l y  beneath the  f acep la t e  channeled the  f u e l  flow s o  t h a t  t h e  f ace  
w a s  kept cool. The oxidant j e t  rods and f acep la t e s  of t hese  i n j e c t o r s  
were made of copper f o r  b e t t e r  f ace  cooling. The r e s t  of t h e  i n j e c t o r  
was made of s t a i n l e s s  s t e e l .  The p a r t s  were furnace-brazed together .  

The swirl-cup i n j e c t o r  w a s  made from one piece of copper. The hydra- 
z ine entered t h e  cup a t  two p o r t s  180' apa r t  tangent  t o  t h e  cup w a l l  and 
80' from an a x i a l  l i n e  through t h e  cup. 
i n se r t ed  i n t o  the  cup from two 0.09-inch-diameter ho les  each 90° from 
t h e  f u e l  po r t s  and at the  same angle with the  cup a x i a l  c e n t e r l i n e  as t h e  
f u e l .  Several  cup diameters and depths were t r i e d .  A n  e r r o r  i n  machining 
r e s u l t e d  i n  the  cup depth extending upstream of the  f u e l  and oxidant 
ports .  This produced a void upstream of t h e  f u e l  and oxidant e n t r i e s .  
Attempts were made t o  press  f i t  plugs i n t o  t h i s  void but  t he  plugs could 
not  be kept i n  during a run. 

The n i t rogen  t e t rox ide  w a s  

Thrust  Chambers 

1 The t h r u s t  chambers were made of 27-inch-diameter copper or s t e e l  
pipe w i t h  1/4-inch-thick w a l l s .  They were a l l  8 inches long and had a 
c h a r a c t e r i s t i c  length of 3 2  inches.  The nozzles,  which were s o l i d  copper 
with no divergent sec t ion ,  had a t h r o a t  diameter of approximately 0.93 
inch. 

PROCEDURE 

Both the  f u e l  and oxidant propel lan t  systems were f i r s t  pressure  
checked. Next, the  oxidant tank bath and f l o w  l i n e  trough were f i l l e d  
with cold water, and the  oxidant tank weighing apparatus  was ca l ib ra t ed .  
I n  order  t o  t r a n s f e r  oxidiwt from the  commercial supply ta.nk i n t o  the  
oxidant tank, t he  vapor pressure of the  oxidant w a s  u t i l i z e d .  The 

%'he l ike-on- l ike  i n j e c t o r  w a s  a hybrid i n  t h a t  on ly  the  f u e l  j e t s  
impinged i n  a l ike-on- l ike  pa t te rn .  The oxidant j e t s  were nonimpinging; 
i. e. , they were i n  a shower-head configurat ion.  
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vapor p r e s s u t :  a - ~ ~ p l j -  CB-XCP, w h i c h  was a t  ambient temperature,  was 
higher  than t h a t  i n  t h e  cold oxidant tank; thus,  t h e  pressure  forced 
the  oxidants  through a dip-tube t r ans fe r  l i n e  i n t o  t h e  oxidant tank. In 
the  oxidant tank the  chlor ine t r i f l u o r i d e  temperatures were 36' t o  40' F; 
n i t rogen  t e t rox ide  temperatures w e r e  42' t o  58' F. Hydrazine, a f t e r  
being put  i n  the  f u e l  tank, w a s  warmed t o  about 200' F. 
tanks were pressur ized  with helium gas. Propel lan t  flow w a s  var ied  by 
changes i n  tank pressure.  Fuel  and oxidant were introduced i n t o  the  
rocket  simultaneously. I g n i t i o n  w a s  spontaneous f o r  both combinations, 
and s t a b l e  combustion condi t ions were achieved wi th in  1 second. Most of  
t h e  runs were of 3 t o  4 seconds i n  duration. Af t e r  each run t h e  i n j e c t o r  
and flow l i n e s  were purged with helium. The i n j e c t o r ,  chamber, and noz- 
z l e  were checked f o r  corrosion, erosion, burning, o r  d i s t o r t i o n  a f t e r  
each s e r i e s  of runs. 

Both propel lan t  

Charac t e r i s t i c  exhaust v e l o c i t y  was ca l cu la t ed  from the  experimen- 
t a l l y  determined values  of chamber pressure and t o t a l  p rope l lan t  flow 
during s t a b l e  por t ions  of each run. 

RESULTS 

Experimental d a t a  and r e s u l t s  are presented i n  t a b l e s  I1 and I11 
and f igu res  3, 4, and 5. Table I1 Lists  a l l  t he  d a t a  necessary t o  c a l -  
cu la t e  t h e  performance of each of the i n j e c t o r s  t e s t e d  with hydrazine - 
chlor ine  t r i f l u o r i d e  ( N Z H ~ - C ~ F ~ ) ,  and t a b l e  I11 l i s t s  d a t a  for hydrazine - 
ni t rogen  t e t rox ide  (N2H4-N204). Charac te r i s t ic  exhaust, v e l o c i t y  C* i s  

shown as a funct ion of percent f u e l  for  each of  t he  i q j e c t o r s  i n  f i g u r e  3 
(N2H4-ClF3 t e s t s )  and f i g u r e  4 (NzH4-NzOq tests) .  The broken l i n e s  ind i -  
c a t e  var ious l e v e l s  of t h e o r e t i c a l  performance as a func t ion  of weight 
percent  fue l .  Faired curves ( s o l i d )  were drawn through the  performance 
po in t s  f o r  each of t h e  in j ec to r s .  The f a i r e d  curves from f igu res  3 and 
4 a r e  shown toge ther  i n  f igu re  5 i n  order to compare r e s u l t s .  

Hydrazine - Chlorine Tr i f luo r ide  

The 30°-impingement-angle t r i p l e t  i n j e c t o r  gave the  h ighes t  perform- 
ance. A s  shown i n  f i g u r e  3 the  chasac te r i s t i c  exhaust v e l o c i t y  peaked 
a t  5450 f e e t  per  second (93  percent of t h e o r e t i c a l  e q u i l i b r i m  perform- 
ance) a t  a f u e l  f low of 31 percent  by weight. J u s t  below it i n  perform- 
ance w a s  t he  60°-impingement-angle t r i p l e t  i n j ec to r .  

1 a maximum at  a f u e l  flow of about 342 percent by weight and a charac te r -  
i s t i c  exhaust v e l o c i t y  of 5390 f e e t  per second ( 9 2  percent  of t h e o r e t i -  
c a l ) .  The msximum C* of t he  shower-head i n j e c t o r  w a s  even f u r t h e r  i n  
the  f u e l - r i c h  region; a f u e l  flow of approximately 40 percent  by weight 
g a m  4970 f e e t  per  second (86 percent of t h e o r e t i c a l ) .  

I t s  performance w a s  

A l imi ted  



number of  test.:: T J P ~ ' P  F X L ~ C  ~~-:tl-~ tile i i l ie-on-l ike i n j e c t o r  which ind ica ted  
i t s  performance w a s  even lower than t h a t  of t he  shoTder-head in j ec to r ,  
t h a t  i s ,  l e s s  than 85 percent  of t h e o r e t i c a l  a t  %he g r e a t e s t  
obtained. 

C* 

Hydrazine - Nitrogen Tetroxide 

The 6O0-impingement-angle t r i p l e t  i n j e c t o r  gave t h e  h ighes t  C* f o r  M 
I 
tP 
tP 
0 

t h i s  conbination ( see  f i g .  4 ) .  

f u e l  flew of 49 weight percent.  The o the r  t r i p l e t  i n j e c t o r ' s  performanee 
w a s  j u s t  below t h i s :  
a t  a f u e l  flow of 52 percent  by  weight. Sx i r l - cup- in j ec to r  performance 
peaked a t  a f u e l  flow o f  49 weight percent.  Cka rac t e r i s t i c  exhaust ve- 
l o c i t y  was 5690 fee t  pe r  second (97 percent  of t h e o r e t i c a l )  a t  t h a t  
oxidant-fuel  r a t i o .  
on-l ike in j ec to r .  A t  a 44-weight-percent f u e l  flow, i t s  c h a r a c t e r i s t i c  
exhaust v e l o c i t y  w a s  4700 f e e t  pe r  second. A s  the p rope l l an t  mixture 
became increas ingly  f u e l  r i ch ,  t h e  c h a r a c t e r i s t i c  exhaust v e l o c i t y  in -  
creased e r r a t i c a l l y  and reached a high value of 5600 f ee t  pe r  second a t  
a f u e l  flow of 67 weight percent.  

The curve peaked at about 5790 f e e t  pe r  
second, which i s  99 percent  of t h e o r e t i c a l  equi l ibr ium performance a t  a 

5750 f e e t  pe r  second ( 9 8  percent  of t h e o r e t i c a l )  

A d e f i n i t e  peak w a s  never r e a l i z e d  with the  l i k e -  

Operat iohal  Conditions 

No hard starts were noted i n  any of t h e  runs.  Rough combustion w a s  
apparent only with t h e  swirl-cup in j ec to r s .  This roughness was evideil t ly 
due t o  a m i s t a k e  i n  f ab r i ca t ion .  The cup being deeper than  the  p rope l l an t  
i n l e t s  resu l ted  i n  a void i n  which some o f  t h e  p rope l l an t  w a s  apparent ly  
r e a c t i n g  and e j e c t i n g  t h e  main propel lan t  mass from the  cup. 

A thermocouple i n  t h e  side of t he  uncooled chamber ind ica ted  the  
outs ide  w a l l  w a s  u sua l ly  a t  about 1200' F f o r  a 3- t o  4-second run and 
o f t en  exceeded 1800' F when t h e  performance w a s  high. 
r e su l t ed  i n  t h e  chamber w a l l s  bal looning out,  bu t  not  ruptur ing,  before  
t h e  t e s t  could be terminated. 

Such temperatures 

Inspection of each i n j e c t o r  af ter  running showed no eros ion  o r  cor- 
rosion. 
hydrazine - chlor ine  t r i f l u o r i d e  runs. 

Slimy depos i t s  were noted on t h e  i n j e c t o r  f aces  a f t e r  t h e  

D IS CUSS I O N  

Thermochemical ca l cu la t ions  ind ica t e  s l i g h t l y  h igher  t h e o r e t i c a l  
performance with hydrazine - ch lo r ine  t r i f l uo r i . de  than  with hydrazine - 
n i t rogen  te t roxide.  However, r e s u l t s  of t h i s  i nves t iga t ion  showed t h a t  
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with t h e  same i n j e c t o r  s u b s t a n t i a l l y  higher perlormarice CGGX $2 chtn iced 
with hydrazine - ni t rogen  te t roxide .  The performance of t h e  t r i p l e t s  and 
swirl-clip i n j e c t o r s  seemed much l e s s  s ens i t i ve  t o  mixture r a t i o  and more 
c l o s e l y  approached t h e o r e t i c a l  performance w i t h  hydrazine - nit.rogen 
t e t r o x i d e  than with hydrazine - chlorine t r i f l u o r i d e .  

The performance curves obtained with hydrazine - chlor ine  t r i f l u o r i d e  
resemble curves obtained f o r  similar in j ec to r s  with nonhypergolic propel-  
lants ( r e f .  2 ) .  When propel lan t  reac t ion  i n  t h e  l i q u i d  phase i s  neg l ig i -  
b l e ,  aerothermodyliamic vaporizat ion of atomized d r o p l e t s  may be considered 
as con t ro l l i ng  combustion e f f ic iency .  This has  been shown f o r  heptane- 
oxygen and appears t o  be the  case f o r  hydrazine - ch lo r ine  t r i f l u o r i d e .  

The performance curves f o r  ni t rogen t e t rox ide ,  however, ind ica ted  
a s i g n i f i c a n t  increase  over t he  performance expected with normal aero-  
thermodynamic vapor iza t ion  when l iqu id  mixing w a s  emphasized ( i . e . ,  
t r i p l e t  and swirl-cup i n j e c t o r s ) .  
oxidant)  i n j e c t o r ,  which was not  designed for l i q u i d  phase mixing, f e l l  
we l l  below the  o the r  in , jectors  i n  performance. However, with increas ing  
f u e l  r ichness ,  t h e  c h a r a c t e r i s t i c  ve loc i ty  increased e r r a t i c a l l y .  A t  a 
f u e l  flow of about 60 percent  i t s  e f f i c i ency  w a s  equivalent  t o  t h e  o the r  
i n j e c t a r s .  This would ind ica t e  t h a t  l i q c i d  phase r e a c t i o n  may have been 
occurr ing sporad ica l ly  as t h e  over -a l l  f u e l  tu-buience increased. The 
genera l  performance l e v e l  f o r  t h i s  i n j ec to r  with hydrazine - chlor ine  
t r i f l u o r i d e  w a s  very  low and d id  not show t h e  same s t e e p  increase  with 

The l i ke -on- l ike  f u e l  (shower-head 

pei- c en t fue 1. 

These r e s u l t s  apparent ly  ind ica te  t h a t  l i q ~ t i d  phase r e a ~ t i ~ ; l n  w F t h  
hydrazine - chlor ine  t r i f l u o r i d e  a r e  not as r ap id  or vigorous as with 
hydrazine - ni t rogen  te t roxide .  This may be due i n  p a r t  t o  the  d i s soc ia -  
t i o n  of n i t rogen  t e t r o x i d e  (N204 + h e a t -  ZMO2, vhich i s  90 percent  com- 
p l e t e  at 200' 3 ' ) .  The generation of ni t rogen dioxide can enhance pro- 
p e l l a n t  vaporizat ion and react ion.  Chlorine t r i f l u o r i d e  does i y o t  have 
t h i s  advantage. 

SUMMARY OF RESULTS 

The performance of hydrazine - nit rogen t e t r o x i d e  and hydrazine - 
ch lo r ine  t r i f l u o r i d e  w a s  s tud ied  experimentally i n  a nominal 300-pound- 
t h r u s t  uncooled rocket  engine a t  300 pounds pe r  square inch absolute .  
The p rope l l an t  mixture ranged from 36 t o  7 5  percent  f u e l  by weight f o r  
hydrazine - ni t rogen  t e t rox ide  arrd from 2 4  t o  50 percent  f u e l  by  weight 
f o r  hydrazine - chlor ine  t r i f l u o r i d e .  T r i p l e t ,  swirl-cup, shower-head, 
and l i ke -on- l ike  i n j e c t o r s  were used. The following r e s u l t s  were 
obtained : 
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1. A l l  t h e  i n j e c t o r s  gave g r e a t e r  c h a r a c t e r i s t i c  exhaust v e l o c i t i e s  
with hydrazine - ni t rogen  t e t r o x i d e  than  with hydrazine - chlor ine  
trif luoride. 

2. With e i t h e r  propel lan t  combination t h e  t r i p l e t  i n j e c t o r s  gave 
t h e  highest  performance. 
angle  t r i p l e t  w a s  5790 feet  per  second with hydrazine - ni t rogen  t e t r o x i d e  
at  50 percent f u e l  by weight. 
30°-impingement-angle t r i p l e t  gave a maxFmum performance of 5450 f e e t  
p e r  second a t  34 percent  f u e l  by weight. 

The maximum performance of  t h e  60°-impingement- 

With hydrazine - chlor ine  t r i f l u o r i d e  t h e  

3. The performance of hydrazine - chlor ine  t r i f l u o r i d e  seemed more 
dependent on i n j e c t o r  type than  d i d  hydrazine - ni t rogen  t e t rox ide .  

4. There w a s  no problem i n  cooling t h e  i n j e c t o r  face  during any run 
with e i t h e r  combination. 

5. No corrosion or m e t a l  erosion w a s  apparent with any of t h e  pro- 
pe l lan ts .  Hydrazine decomposition w a s  i n s i g n i f i c a n t .  There were no 
d i f f i c u l t i e s  i n  starting with e i t h e r  p rope l l an t  combination. 

Lewis Research Center 
National Aeronautics and Space Administration 

Cleveland, Ohio, August 4, 1959 
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Oxygen and Heptane. NACA RM E55C22, 1955. 
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TABLE I. - F'ROPEBTIES OF ROCKET PR0PEI;LANTS 

I Hydrazine 

Formula I N2H4 

Molecular weight I 32.1 

Dens it y, 
lb/cu f t ,  
a t  70' F 

Vapor 
pre s sure, 
lb/sq in .  abs, 
a t  70° F 

Melting 

Boil ing point ,  
OF, at 1 a t m  

Chlorine I Nitrogen 

2N02 $ N204 

46 # 92 

113.5 

I 14.8 
I 21.5 

I 
-117 1 11.8 

54 I 69.8 
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1.22 
1.22 
1.21 
1.08 
1. 17 
1.22 
1.36 
1.21 
1.31 
1.32 
1. 26 
1.37 
1.38 
1.15 
1. 25 
1.36 
1. 11 
1.17 
L 2 1  

T r i p l e t  i n ,  
I. 38 
1.35 
1.35 
1.36 
1.34 
1.33 
1.29 

T r i p l e t  in ,  
1.30 
1.36 
1. 28 
1.34 
1.31 
1. 24 
1.28 
1.30 
1.35 
1.76 
1. 28 
1.32 
1.32 

__ 

AND CRLORINE TRIFLUORDE 
~ ~ ~ _ _ _  ________ -~ 

'iLel f low,  I -~ot;tl 1 F: 1 Chamber r i y c t e r i s t i c  
percent  p rope l l an t  tempera- pressure,  ve loc i ty ,  

f l o w ,  t u r e ,  Ib/sq in. abs f t / s e c  

~. ~~ 
__ 

~ 

lb / sec  _ _ ~  
Fuel  l ike-on- l ike  (oxidant  shower-head) i n j e c t o r  

31. 29.8 7 r p [ z F [ -  1.36 27 $ 4395 4460 

32.1 1.47 4310 
32.3 1.45 190 286 4380 
43.3 1.21 155 2 60 4785 

205 1 29 2 

25.3 
26.8 
26. a 
28.7 
29. I 
32.8 
35. P 
35.5 
36.4 
36. 6 
38.4 
39.2 
39.7 
40.6 
41.5 
41. 6 
44.7 
49.1 
50. 2 - 

4730 24. 6 
27.3 
27.6 
31.1 
34. 6 
35.4 
39.9 

25.1 
25.2 
27.1 
28.5 
30.6 
31.3 
33. 4 
34.3 
35.0 
37.3 
37.9 
38.5 
39.7 -~ 

Shower-head 

158 
162 
168 
19 0 
190 
1'7 2 
205 
180 
205 
2 10 
210 
200 
205 
19 0 
2 10 
19 5 
19 0 
165 
155 

i j ec to r  

2 43 
247 
2 63 
222 
236 
266 
305 
282 
293 
29 2 
290 
304 
309 
261 
277 
304 
254 
268 
282 _____ 

4370 
4450 
1770 
4 $10 
4320 
4800 
5000 
5110 
4990 
49 60 
5160 
49 60 
4980 

4920 
5000 
4920 
4935 
5010 

4880 

49 50 1 1 E 
5290 
5 $40 
5110 

c t o r ,  300 impingement angle  
200 I 310 
18 5 
19 5 
19 5 
200 
19 5 
205 
205 
205 
200 
205 
205 
205 

324 
311 

327 

5250 
5260 
5390 
5.150 
5450 
5490 
5330 
5410 
5340 
5430 
5340 
5460 
5400 

M 
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k e l  f l o v ,  Total 
p e r c e n t  I p r o p e l l a n t  

f i o v ,  
l b / s e c  

4 

0 + 
-fi 

w 

h e i  Chmber C h r a c t e r i s t i c  
v e l o c  it y, 

ture, r D / > q  in. abs c*, f t / s e c  
tempera- p r e s s u r e ,  

OF 

41 

‘13.9 1.31 8 2  2 8 1  
;i. 2 1 .37  104 293 
46.9 1 .32  66 288 
48.5 I. 30 1 7 8  290 
1 8 . 7  1 .36 1 3 3  327 
5i. 7 1 .32 170 303 
52.3 1.33 188 332 
54. 2 1.32 164 305 

0 

4740 
4700 
4810 
4300 
5230 
5050 
5490 
5080 

N 
I w 

nu 

56.4 1. 28 
58. & 1.30 
E l .  6 1.28 
65.8 1. 25 

116 313 1 5380 
184  337 5560 
17 7 323  1 5580 
167 3 19 1 5610 

43.9 
1 4 . 1  
,li. 3 -*:. 2 
49.9 
51.3 
s3.5 
55.7 
E l .  ‘1 
66.3 
75.2 __~. -- 

-~ -~ 
35.5 
39. 1 
4:. 9 
45.6 ”. 9 
47.5 
19. 4 
52 .1  
53.3 
54.5 
56.9 
5 7 . 1  
59.9 
61. 7 

~~ 

38.3 
33.5 
41. 4 
42.1 
44.7 
44.8 
$6. 6 
49.0 
51- 1 
s 2 . 7  
53.0 
58.0 
58.3 
6 0 . 1  
60.2 
65.7 
72.0 

___ 

e c t o r  

-- 

k i p l e t  i n j e c t o r ,  600 hpingenent a n g l e  

309 
1 .23  200 3i.i 

1. 25 
1.22 19 8 

1 .25  202 
1 . 2 2  164 311  
1.27 326 

I. 25 

1.36 

1.33 
1.31 
1. 25 
1.26 
1. 26 
1.29 
1.24 
i. 27 
1.20 
1 . 2 1  
1.28 
1. 24 
1.24 
1. 27 

1.35 
1.35 

1. 2a 

96 
68 

185 
58 
80 

180 
198 

38 
190 
176 
188 
176 
168 
1€0 
160 
142 
132 

mpingement a 

3 2 1  
320 
317 
315 
320 
328 
317 
328 
316 
319 
328 
3l.5 
310 
3 2 1  
326 
317 
307 

5620 
5710 
5640 
5650 

5580 
5510 
2530 
5,570 
5 3 i O  
5170 

sa20 

5580 
3 100 
”” ‘ L O  - 

5680 
SRBO 
5820 
5600 
5660 
5810 
5600 
5650 
5530 
5350 

5700 

5310 
5380 
5600 
5560 
5590 
5590 
5610 
5680 
5730 
C O ” 0  

5650 
5580 

4”- 

5530 
5560 
5630 
5190 
1990 
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Pressurizing and 
vent ing  system. 

F<-g:ure 1. - Flow diagram of  p r o p e l l a n t  system. 
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di 

w ? L i q u i d  oxidant  Liquid oxidant  

Liquid 
hydrazine c 

Combustion 

S i d e  view of t r i p l e t s  and 
snower-head i n j e c t o r s  

Side vie-d of  swir l -cup in;ector, 
s e c t i o n  A 4  

F l i ~ ~ ~ l i t ~  view of t r i p l e t  i n j e c t o r s  F a c e p l a t e  view of swir l -cup  i n j e c t o r  

F x e p 1 3 t P  v i y w  ,if l ike-on- l iKe  f u e l  
(shower-k.ead oxiciant) i n j e c t o r  

Facepla te  view of shower-head i n j e c t o r  

F' - L ~ ~ ~ r ~  2 .  - I q j e c t o r  d e s i g n s .  
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F u e l  i n  p r o p e l l a n t  f l o w ,  percent  by  wei::;!: 

F igdre  3. - T h e o r e t i c a l  m d  e x p e r i x e n t a l  c h a r a c z e r i s t i c  exhai:;t s e l o c i - y  or' l i q u i d  hycru2fn2 
- 

l i y u i d  c h l o r i n e  i r i f l u o r i d e  i n  300-pclmd-thrust engines  at chamber p r e s s x e  of 300 poiulds per 
square inch absoiu te .  
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